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PART I 
THEORETICAL 
In the combustion analysis of organic substances containing nitrogen 
the presence of nitrogen oxides in the combustion gases presents a source 
of serious error. The acidic nature of the oxides of nitrogen will cause 
their absorption by the alkaline reagents used for absorbing carbon dioxide. 
The absorption of water from the gases does not present a serious problem 
as there are many absorbents that will absorb water but are not affected 
by the oxides of nitrogen. Hence, the nitrogen oxides must be removed 
prior to the absorption of carbon dioxide. These oxides may be eliminated 
either by their absorption or by their reduction to free nitrogen. 
The use of lead peroxide as an absorbent for nitrogen oxides in the 
combustion analysis of nitrogen-containing organic compounds has been the 
subject of numerous investigations. These investigations have demonstrated 
conclusively that it is not an ideal reagent for the purpose for which it 
1.2 
is used. A. Friedrich in a series of experimental investigations found 
that carbon dioxide is gradually absorbed by the reagent and eliminated 
when organic substances containing sulfur, nitrogen and halogen are com¬ 
busted. The absorption and elimination of water from lead peroxide was 
3 
investigated by M. Boetius and as a result of his inquiries Boetius 
"'"Friedrich, A., Mikrochemie, 10, 338 (1931) 
2Ibid., 10, 342 (1931) 
3 
Boetius, M., "Uber die Fehlerquellen in her mikroanalytischen Bes- 
timmung des Kohlen-und Wasserstoffes nach der Methode von Fritz Pregl," 
Verlag Chemie, Berlin, 1931, p. 59* 
1 
2 
concludes that a substance high in hydrogen content must be burned from 
4 3 
time to time to establish equilibrium. Boetius , Niederl and Whitman 
in a series of investigations found that the time and amount of gas 
specified by Pregl for the purpose of sweeping out the combustion gases 
was insufficient for the complete removal of water from the lead peroxide. 
6 
Pregl in an effort to eliminate these sources of error recommended that 
lead peroxide be kept at a temperature between 180° C. and 200° C.. With¬ 
in this temperature range the absorbed water is given up again and the 
lead dioxide does not become dry enough to absorb carbon dioxide. Fried¬ 
rich' suggests the use of from 0.2 to 0.3 grams of dry lead peroxide 
spread thinly in a boat and placed in the paraeynene section of the com¬ 
bustion tube as the most effective way to use the reagent. He claimed 
that this quantity of lead dioxide is good for about 12 mg. of picric 
acid or its equivalent of nitro groups or 23 mg. of other substances. 
3 
E. P. Clark points out that this claim is not substantiated by most 
4 
Boetius, M., "Uber die Fehlerquellen in der mikroanalytischen Bes- 
timmung des Kohlen - und Wasserstoffes nach der Méthode von Fritz Pregl", 
Verlag Chemie, Berlin, 1931, p. 39- 
^Niederl, J. E., and Whitman, J. B., llikrochemie, 11, 274-300 (1932) 
^Pregl, F. and Grant, J., "Quantitative Organic Microanalysis", 4th 
English ed., Philadelphia: The Blakiston Co., 1943, p. 44. 
^Friedrich, A., Mikrochemie, 23, 129 (1937) 
g 
Clark, E. P., "Semimicro Quantitative Organic Analysis", New York: 
Academic Press, Inc., 1943, p. 34. 
3 
investigators and the use of the reagent in this manner will necessitate 
the use of a rubber stopper rather than the capillary end of the combus¬ 
tion tube. 
9 
As an outcome of the investigations by W. P. Kirner of the absorp¬ 
tion of the various oxides of nitrogen formed during the combustion of 
nitrogen-containing organic substances by lead peroxide the following 
was suggested as a mechanism for the reaction: 
2N0 / 2Pb02 = Pb(N02)2'P
b0 / 2°2 
2N02 / 2Pb02== Pb(N02)2'Pb0 / ^02 
Numerous investigators have attacked the problem of the removal of 
nitrogen oxides from combustion gases by studying various absorbents and 
reagents with the hope of completely eliminating lead dioxide from the 
combustion tube filling. Corwin‘S tested all of the reagents and absor¬ 
bents suggested in the literature and studied their advantages and dis¬ 
advantages. Most of the reagents suggested by investigators as substi¬ 
tutes for lead dioxide are metals and metallic oxides. The metals reduce 
the oxides of nitrogen to elementary nitrogen. The metallic oxides absorb 
11 
the nitrogen oxides. Muller and Barck studied the reduction of 
^Kirner, V. R., Ind. £ng. Chem.. /mal. Ed.. 10. 342 (1938) 
■^Corwin, \. H., Paper presented at Rochester Meeting, .Am. Chem. Soc., 
Sept. 9, 1937. 
■^Muller, E. and Barck, E., Z. anorg. allgem chem., 129, 309-320 (1923) 
4 
nitrogen oxides by various metals and as a result of their researches 
the most efficient reducing agent for the oxides appears to be metallic 
copper. The use of copper, however, necessitates the introduction of 
freshly reduced copper for each combustion in an atmosphere of oxygen. 
12 
We may, as Benedict suggested, attempt to avoid this difficulty by 
burning a weighed sample with high carbon content prior to the combus¬ 
tion of the nitrogen-containing organic compound. In this procedure 
the combustion of the carbon compound reduces the copper surface needed 
to reduce the nitrogen oxides formed by the sample to be tested. Niederl 
13 and ’Whitman overcame this difficulty by burning the nitrogen-containing 
compound in an atmosphere of nitrogen. The combustion tube filling used 
14 
was recommended by Pregl for the micro-Dumas method. The oxygen needed 
for the combustion was furnished by copper oxide which was mixed with the 
15 
sample. Linder modified this procedure by using nitrogen as the trans¬ 
port gas and oxygen or air in the actual combustion. In this'procedure 
the copper spirals had to be renewed after four or five combustions. 
12Benedict, F. G., Am. Chem. J., 23, 334-352 (1900) 
13 
Niederl, J. B. and Whitman, J. B., Microchemie, 11, 274-300 (1932) 
14 
Pregl, F. and Grant, J., "Quantitative Organic Ilicroanalysis", 4th 
English Ed., Philadelphia: The Blakiston Co., 1945, P- 63* 
15 
Lindner, J., Ber., 65, 1696-1760 (1932) 
5 
16 
John J. TTaughton and Michael M. Frodyma described a unique method for 
the determination of carbon and hydrogen in nitrogenous carbon compounds. 
the nitrogen oxide reduction system was connected to the combustion train 
by means of a two-way stopcock. The system was used only when nitrogen- 
containing compounds were analyzed. The nitrogen oxide reduction tube 
was filled with freshly reduced copper and copper oxide. No oxidation 
l 7 
of the copper was noticed after ten runs. Elving and McElroy ' in 
seeking a substitute for lead dioxide which could be used in the combus¬ 
tion tube tested various metals and metallic oxides for their ability to 
remove nitrogen oxides. Under the conditions of the investigations zinc, 
nickel, aluminum, antimony, bismuth, silicon, tin, silver and tellurium 
failed to remove the oxides completely. Manganese dioxide, thorium dioxide, 
and zirconium dioxide satisfactorily removed the oxides of nitrogen but 
their use was excluded because they gave unsatisfactory carbon and hydrogen 
values when used in actual analysis. Cerium dioxide, prepared from the 
oxalate and probably contaminated by other rare earth oxides, completely 
removed the nitrogen oxides from the gas stream. Cerium dioxide, however, 
invariably gave low results for carbon although Fisher1-' used this reagent 
as an oxidation catalyst in macroanalysis. 
■^Naughton, John J., and Frodyma, Michael M., Anal • Chem., 22, 711-714, 
(1950) ~ 
17 
Elving, P. J., and McElroy, 'J. R., Ind. Eng. Chem., /Inal. Ed., 15, 
660-665, (1941) — 
IP 
Fisher, H. I., "Laboratory Manual of Organic Chemistry", 5rd Ed., 
New York: John Wiley à Sons, Inc., 1951, PP* 249-250. 
6 
Considerable attention has been devoted recently to the use of reagents 
and absorbents outside of the combustion tube and some striking results have 
been reported in the literature. Corwin 7 found that dry Hopcalite placed 
between the Anhydrone and Ascarite tubes and maintained at a temperature 
o o 
between 125 C. and 175 C. could be substituted for lead dioxide. The 
absorbent had to be regenerated after each run by heating to 300° C. 
20 
Elving and McElroy investigated the use of solutions of sulfuric acid 
and various oxidizing agents and concluded that the method used for the 
determination of carbon and hydrogen in nitrogen-containing organic com¬ 
pounds can be improved by substituting a sulfuric acid solution of an 
oxidizing agent for the lead peroxide. They reported very good results 
with the use of concentrated sulfuric acid and potassium permanganate 
21 
solutions. Dombroski suggested the use of p-aminoazobenzene moistened 
with boric acid and covered with magnesium chlorate. The absorbents in a 
specially constructed U-shaped tube was placed between the Anhydrone and 
Ascarite tubes. Dombrowski’s filling had to be changed after five or 
six analyses. 
19 
Corwin, A. H., Paper presented at Rochester Meeting, Am. Chem. Soc., 
Sept. 9, 1937. 
20 
Elving, P. J., and McElroy, W. R., Ind. Eng. Chem., Anal. Ed., 13, 
660-663, (1941). 
21 
Dombroski, A., Microchemie, 28, 136-140 (1940) 
7 
The purpose of the work described in this report was two-fold. 
First, a critical study of the substitutes for lead dioxide which could 
be used in the combustion-tube packing was made. Particular attention 
was paid to the possible use of cerium dioxide. Secondly, absorbents 
for the nitrogen oxides that could be used outside of the combustion 
tube were sought. For the first purpose, various metals and metallic 
oxides were tested in actual analyses under varing conditions; for 
the second purpose an absorbent was sought that is basic enough to ab¬ 
sorb the oxides of nitrogen and not basic enough to absorb carbon dioxide. 
PART II 
EXPERIMENTAL 
1. Preparation of Nitrogen Oxides.- Realizing that the experimen¬ 
tal investigation of the ability of reagents to remove nitrogen oxides 
would be enhanced by the construction of a permanent setup for the gen¬ 
eration of nitric oxides a nitrogen dioxide generator was constructed. 
The generator was an adaptation of the nitric oxide generator described 
22 
by Elving and McElroy 
A 1 to 1 molar solution of potassium nitrite and potassium iodide 
was added to the generator. To this solution was added dilute sulfuric 
acid. The nitrogen oxides were washed and dried by passage through a 
saturated solution of potassium hydroxide and a mixture of phosphorus 
pentoxide and pumice. The gases were measured out in a gas buret, where 
the oxides were mixed with oxygen. From the buret the gas mixtures were 
led to the reagent to be tested. The generator and purification train 
were cleared of air by flushing with the oxides. 7Jhen not in use the 
apparatus was filled with nitric oxide. Mercury was used as a confining 
liquid in the buret and ferrous sulfate solutions were used to keep the 
nitric dioxide from getting into the air. 
22 
Elving, P. J., and McElroy, W. R., 
13, 661 (1941) 
Ind. Eng. Chem., Anal■ Ed., 
8 
9 
2. Absorption of Nitrogen Oxides by Solutions. - For the experiments 
involving the use of a solution an absorption vessel was adapted from the 
23 
absorption vessel described by Elving and McElroy 
The mixture of nitrogen dioxide and oxygen was led from the gas buret 
through a glass tube to the absorption vessel, then through a bubbler into 
a Mariotte bottle. The bubbler was filled with a solution of diphenylamine 
and sulfuric acid which gives a blue coloration with nitrogen dioxide. 
When 20 cc. of a 5 per cent nitrogen dioxide-oxygen mixture was passed 
through 0.2 M sulfuric acid and concentrated sulfuric acid at the rate of 
5 cc. per minute a blue coloration in the indicator showed the presence of 
nitrogen dioxide in the scrubbed gas. Concentrated sulfuric acid and 0.2 M 
sulfuric acid are unsatisfactory absorbents. 
A 0.2 M solution of sulfuric acid and potassium dichromate removed the 
nitric oxide from a 50 per cent mixture of nitrogen dioxide and oxygen when 
500 cc. of the gases were passed through at the rate of 5 cc. per minute. 
By similar experiments a 0.2 M solution of sulfuric acid saturated with 
potassium permanganate and a 0.2 M solution of sulfuric acid saturated with 
ceric sulfate were found to give satisfactory results when mixtures of 
nitric oxide and oxygen, ranging in concentration from 5 per cent nitric 
oxide to 50 per cent nitric oxide, were passed through the solutions at 
the rate of 5 to 10 cc. per minute. The results obtained for the absor¬ 
bents are given in Table I. 
Elving, P. J. and McElroy, W. R., Ind. Eng. Chem., Anal. Ed., 13, 
661 (1941) . 
10 
TABLE I 






0.2 M Sulfuric acid 5 5 Unsatisfactory 
Con. Sulfuric acid 5 5 Unsatisfactory 
Potassium permanganate 3-50 5 Satisfactory 
Potassium dichromate 50 5 Satisfactory 
Potassium persulfate 5-50 5 Satisfactory 
Ceric sulfate 5-50 5 Satisfactory 
3. Removal of Nitric Oxide by Metals and Metallic Oxides. - A 15-cm 
tube was cut from the capillary end of a combustion tube. The substance 
to be tested was placed in the tube in a 6-cm layer, supported at either 
end by asbestos plugs. The capillary end of the tube was held in a glass 
heating mortar which was filled with either p-cymene or mineral oil. The 
tube was connected to the bubbler containing diphenylamine indicator. 
Aluminum powder, 30 mesh granular tin, 20 mesh granular zinc, silver 
strips and nickel powder failed to remove the oxides of nitrogen. 
Cerium dioxide was prepared by heating a mixture of cerium nitrate 
and asbestos for forty minutes. Cerium dioxide was also prepared by 
heating cerium nitrate and copper oxide for an hour. The purity of the 
reagent was not ascertained. 
11 
Manganese dioxide and cerium dioxide completely removed the oxides 
of nitrogen from mixtures of nitric oxide and oxygen, ranging in concen¬ 
tration from 5 per cent to 50 per cent nitric oxide. Tetramethyldiamino 
benzophenone (Michler’s ketone) completely removed the oxides of nitrogen 
at room temperature. The experimental results are summarized in Table II. 
TABLE II 
REMOVAL OF NITROGEN DIOXIDE 
METAL TEMPERATURE C0NCEN- RATE RESULTS 




Aluminum l8o 5 5 Unsatisfactory 
Tin 180 5 5 Unsatisfactory 
Zinc 180 5 5 Unsatisfactory 
Silver 500 5 5 Unsatisfactory 
Nickel l8o 5 5 Unsatisfactory 
Manganese dioxide 500 5 5 Satisfactory 
Cerium dioxide l8o 5-50 5 Satisfactory 
Michler’s ketone 25-28 5-50 5 Satisfactory 
4. Semimicro Analyses Using Cerium Dioxide.- To determine whether 
or not cerium dioxide would absorb carbon dioxide, the reagent was placed 
in the combustion train and alalyses were made on organic compounds. 




DETERMINATION OF CARBON AND HYDROGEN 
COMPOUND TEMPERATURE CARBON HYDROGEN 
°C Calcul- Found Calcul- Found 
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500-600 60.02 5.14 

























The conventional type of apparatus employed for the semimicrodeter- 
24 
mination of carbon and hydrogen as described by Niederl and Niederl was 
used. The combustion filling consisted of copper oxide, platinum wire, 
lead chromate, silver wool and the reagent to be studied. The end of the 
combustion tube containing the cerium dioxide was inserted in a glass motar 
filled with either p-cymene or mineral oil. In some analyses the heating 
motar was removed and the capillary end of the combustion tube was placed 
within the combustion furnace. All weighings were made on a Christian- 
Becker semimicro balance which could be read to 0.01 mg. 
5. Semimicro Analyses Using Tetramethyldiamino Benzophenone. — 
The reagent to be studied was placed in an absorption tube and inserted in 
the combustion train betiveen the tubes containing Afihydrone and Ascarite. 
Glass wool was used as a carrier. 
The analyses were carried out on a semimicro scale using the Pregl 
24 
method as described by Niederl and Niederl except for one modification: 
the combustion train was swept out with air before the absorption tubes 
were removed. 
The simplified combustion tube filling was used. The filling consists 
of silver wool, copper oxide, platinum and lead chromate. 
The use of tetramethyldiamino benzophenone (Michler’s ketone) gave 
satisfactory results for both carbon and hydrogen. The analyses and results 
obtained are given in Table IV. 
24 
Niederl, J. and Niederl, 
John ,7iley and Sons, New York: 
V., "Micromethods of Quantitative Analysis", 
1947, pp. 101-117. 
14 
TABLE IV 
DETERMINATION OF CARBON AND HYDROGEN 
COMPOUND CAREON ERROR HYDROGEN ERROR 
Theory Found Theory Found 
t i Î t 
Acetanilide 
Wgt. of sample 0.06251 71.09 71.45 /0.36 6.71 6.69 /0.02 
Wgt. of C02 0.16380 
Wgt. of H2O 0.03739 
Wgt. of sample 0.01325 71.09 71.21 /0.12 6.71 6.75 /0.04 
Wgt. of C02 0.03460 
Wgt. of H2O 0.00799 
Acetamide 
Wgt. of sample 0.01962 40.67 40.80 /0.13 8.53 9.09 A>.56 
Wgt. of C02 0.02936 
Wgt. of H2° 0.01594 
Wgt. of sample 0.01401 40.67 40.71 /0.04 8.53 8.57 /0.04 
Wgt. of C02 0.02092 
Wgt. of H2O 0.01073 
Azobenzene 
Wgt. of sample 0.01311 79.09 79.12 /0.03 5-53 5-55 /0.02 
Wgt. of C02 0.03804 
Wgt. of H20 0.00651 
15 
TABLE IN¬ 
DETERMINATION OF CARBON AND HYDROGEN 
COMPOUND C.ARBON ERROR HYDROGEN ERROR 
Theory Found Theory Found 
i i i 
Azobenzene 
Wgt. of sample 0.01405 79.09 79.07 -0.02 5-53 5.50 -0.03 
Wgt. of co2 0.04074 
Wgt. of H2O 0.00691 
Benzoic acid 
Wgt. of sample 0.01321 68.88 68.90 /0.02 4.95 4.91 -0.04 
Wgt. of C°2 0.03338 
Wgt. of HpO 0.00580 
Wgt. of sample 0.01276 68.88 68.85 -O.O3 4.95 4.89 -0.06 
Wgt. of C02 0.03222 
Wgt. of H2O 0.00558 
Betainehydrochloride 
Wgt. of sample 0.01432 39.09 39.21 /0.12 7-87 8.01 /0.14 
Wgt. of C02 0.02059 
Wgt. of H20 0.01026 
Wgt. of sample 0.02532 39.09 39.00 -0.09 7-87 7.49 -O.38 
Wgt. of C09 0.03622 
Wgt. of E2O 0.01695 
lé 
TABLE IV 
DETERMINATION OF CARBON AND HYDROGEN 
COMPOUND 
p-Bromoaniline 
Wgt. of sample 0.01216 
Wgt. of C02 0.01873 
Wgt. of E20 0.00343 
Wgt. of sample 0.01673 
Wgt. of C02 0.02561 
Wgt. of E20 0.00540 
CARBON ERROR HYDROGEN 
Theory Found Theory Found 
i i i i 
41.88 42.00 /0.12 3.51 3.15 
41.88 41.75 -0.13 3.51 3.61 
2,4 Dinitrophenylacetic acid 
Wgt. of sample O.OléOO 
Wgt. of C02 0.02494 
Wgt. of H20 0.00415 
Wgt. of sample 0.01463 
Wgt. of C02 0.02290 
Wgt. of H20 0.00355 
42.48 42.50 /0.02 2.67 2.90 
42.48 42.70 /0.22 2.67 2.71 
Ethyl p-aminobenzoate 
Wgt. of sample 0.03009 65.43 65.62 /0.19 6.71 6.95 







Wgt. of E20 0.02140 
TABLE IV 
DETERMINATION OF CARBON AND HYDROGEN 
COMPOUND CARBON ERROR HYDROGEN 
Theory Found Theory Found 
i i % i 
Ethyl p-aminobenzoate 
Wgt. of sample 0.02021 65.43 65.49 /0.06 6.71 6.73 
Wgt. of co2 0.048^4 
Wgt. of H2O 0.01216 
Glycine 
Wgt. of sample 0.04528 31.98 31.98 000 6.71 6.70 
Wgt. of co2 0.05-510 
Wgt. of H2O 0.02713 
Wgt. of sample 0.04817 31.98 31.85 -0.13 6.71 6.84 
Wgt. of co2 0.05627 
Wgt. of H2O 0.02948 
Wgt. of sample 0.03781 31.98 32.01 /0.03 6.71 6.23 
Wgt. of C02 0.04451 
Wgt. of H2O 0.02106 
Isoleucine 
Wgt. of sample 0.01063 54.93 55.00 /0.07 9.98 10.01 
Wgt. of co2 0.02144 



















Wgt. of sample 0.01265 54.93 54.78 -0.15 9.98 9-95 -0.03 
Wgt. of CO2 0.02542 
'.Vgt. of H2O 0.01125 
Leucine 
Wgt. of sample 0.01325 54.93 54.90 -0.03 9.98 9.98 00 
Wgt. of co2 0.02668 
Wgt. of E2O 0.01182 
Wgt. of sample 0.01255 54.93 54.81 -0.12 9.98 10.00 /0.02 
Wgt. of C02 0.02522 
Wgt. of H2° 0.01122 
d-Mannitol 
Wgt. of sample 0.06201 39.55 39.89 /0.34 7.74 7.73 -0.01 
Wgt. of co2 0.09072 
Wgt. of HgO 0.04289 
Wgt. of sample 0.01205 39-55 39-57 /0.02 7.74 7.76 /0.02 
Wgt. of co2 0.01748 
Wgt. of E2° 0.00836 
19 
TABLE IV 
DETERMINATION OF CARBON AND HYDROGEN 
COMPOUND 
p-Nitrobenzeneazoresocinol 
Wgt. of sample 0.01401 
Wgt. of C02 0.02856 
Wgt. of H90 0.00439 
Wgt. of sample 0.01205 
Wgt. of C02 0.02456 
Wgt. of E20 0.00378 
CARBON ERROR HYDROGEN 
Theory Found Theory Found 
i i i i 
55.59 55.59 0.00 3.49 3.50 
55.59 55.58 -0.01 3.49 3.51 
p-Nitrobromobenzene 
'Wgt. of sample O.OIO87 
Wgt. of C02 0.01423 
Wgt. of H20 0.00195 
Wgt. of sample O.OI563 
Wgt. of C02 0.02047 
Wgt. of H20 0.00276 
35.67 35.69 /0.02 1.99 2.00 
35-67 35.70 /0.03 1.99 1.97 
p-Nitroehlorobenzene 
Wgt. of sample 0.01463 45.73 *5-90 /0.17 2.55 2.85 
Wgt. of C02 0.02463 









DETERMINATION OF CARBON AND HYDROGEN 
COMPOUND CARBON ERROR HYDROGEN ERROR 
Theory Found Theory Found 
t i i i 
p-Nitrochlorobenzene 
Wgt. of sample 0.03266 45.73 45.76 /0.03 2.55 2.80 /0.25 
Wgt. of C02 0.05481 
Wgt. of H20 0.00818 
p-Nitrotoluene 
Wgt. of sample 0.05113 61.31 61.62 /0.31 5.14 5.51 /0.37 
Wgt. of C02 0.11559 
Wgt. of H20 0.02522 
Wgt. of sample 0.01320 61.31 61.41 /0.10 5.14 5.16 /0.02 
Wgt. of C02 0.02973 
Wgt. of H20 0.00609 
Phenylacetic acid 
Wgt. of sample 0.01265 70.57 70.59 /0.02 5.92 5.90 -0.02 
Wgt. of C02 0.03274 
Wgt. of H20 0.00667 
Wgt. of sample 0.01501 70.57 70.60 /0.03 5.92 6.00 /0.08 
Wgt. of C02 0.03886 
Wgt. of H20 0.00805 
21 
TABLE IV 









Wgt. of sample 0.02601 66.64 66.58 -0.06 7.44 7.72 /0.28 
Wgt. of C02 0.06351 
Wgt. of H2O 0.01795 
Wgt. of sample 0.03230 66.64 66.91 /0.27 7.44 7.70 A).26 
Wgt. of C02 0.07926 
Wgt. of H2O 0.02235 
Thiourea 
Wgt. of sample 0.04683 15.78 15.68 -0.10 5-29 5.61 /0.32 
Wgt. of C02 0.02694 
Wgt. of H2O 0.02351 
Wgt. of sample 0.01467 15.78 15.80 /0.02 5.29 5.27 -0.02 
Wgt. of co2 0.00850 
Wgt. of H2O 0.00691 
p-Toluidine 
Wgt. of sample 0.02871 78.45 79.00 /0.55 8.46 8.46 00 
Wgt. of co2 0.08318 
Wgt. of H2O o.02171 
Wgt. of sample 0.05679 78.45 78.61 /0.16 8.47 8.55 A). 08 
Wgt. of co2 0.16371 
Wgt. of H2O 0.04339 
SUMMARY 
1. A historical discussion of the investigation has been presented. 
2. Solutions of sulfuric acid saturated with potassium dichromate, 
sulfuric acid saturated with potassium permanganate and sulfuric 
acid saturated with potassium persulfate satisfactorily absorbed 
the oxides of nitrogen. This is further confirmation of the in¬ 
vestigations of E'lving and McElroy as reported in the Ind. Eng. 
Chem., Anal. Ed., 13, 66l (1941). 
3- Manganese dioxide, tetramethyldiamino benzophenone (Michler's 
ketone) and cerium dioxide removed the oxides of nitrogen from 
mixtures of nitric oxide and oxygen. 
4. Cerium dioxide gave consistent low results for carbon in analyses. 
5. For the analyses in which Michler’s ketone was used satisfactory 
results for carbon and hydrogen were obtained. It is believed 
that Michler's ketone is a satisfactory reagent for the absorp¬ 
tion of the oxides of nitrogen in the semimicrodetermination of 
carbon and hydrogen in nitrogenous organic compounds. 
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